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ABSTRACT: Square-planar platinum(II) complexes often stack co-
facially to yield supramolecular fiber-like structures with interesting 
photophysical properties. However, control over fiber dimensions and 
the resulting colloidal stability is limited. We report the self-assembly 
of amphiphilic Pt(II) complexes with solubilizing ancillary ligands 
based on polyethylene glycol [PEGn, where n = 16, 12, 7]. The com-
plex with the longest solubilizing PEG ligand, Pt-PEG16, self-
assembled to form polydisperse one-dimensional (1D) nanofibers (di-
ameters < 5 nm). Sonication led to short seeds which, on addition of 
further molecularly-dissolved Pt-PEG16 complex, underwent elonga-
tion in a “living supramolecular polymerization” process to yield rela-
tively uniform fibers of length up to ca. 400 nm. The fiber lengths were dependent on the Pt-PEG16 complex to seed mass ratio in a 
manner analogous to a living covalent polymerization of molecular monomers. Moreover, the fiber lengths were unchanged in solu-
tion after 1 week and were therefore “static” with respect to interfiber exchange processes on this timescale. In contrast, similarly 
formed near-uniform fibers of Pt-PEG12 exhibited dynamic behavior that led to broadening of the length distribution within 48 h. 
After aging for 4 weeks in solution, Pt-PEG12 fibers partially evolved into 2D platelets. Furthermore, self-assembly of Pt-PEG7 
yielded only transient fibers which rapidly evolved into 2D platelets. On addition of further fiber-forming Pt complex (Pt-PEG16) 
the platelets formed assemblies via the growth of fibers selectively from their short edges. Our studies demonstrate that when inter-
fiber dynamic exchange is suppressed, dimensional control and hierarchical structure formation is possible for supramolecular pol-
ymers through the use of kinetically-controlled seeded growth methods.
  The hierarchical self-assembly of molecular building blocks 
into functional one-dimensional (1D) supramolecular architec-
tures through the exploitation of non-covalent interactions 
such as hydrogen bonding and π-π stacking has emerged as an 
important subfield of chemical science.1-9 The tendency for 
supramolecular polymers to exhibit “dynamic” behavior 
where, unlike their covalent macromolecular counterparts, the 
building blocks can undergo exchange, gives rise to thermo-
dynamically-controlled assembly and many desirable charac-
teristics such as low viscosity processing and stimuli-
responsive behavior.3 Nevertheless, dynamic behavior poses a 
challenge in terms of the imposition of control over the dimen-
sions, dispersities, and morphologies of the resulting struc-
tures, which is often desirable.10-13 
  Supramolecular polymers are commonly formed via a nucle-
ation-elongation (cooperative growth) mechanism, in which an 
unfavorable nucleation step is followed by a favorable elonga-
tion cascade.1,4,5 This process is analogous to the chain-growth 
covalent polymerization of molecular monomers in which 
initiation is followed by propagation. Suppression of the in-
trinsic dynamic exchange processes for supramolecular poly-
mers is of interest as, in the absence of termination and trans-
fer, this offers the intriguing possibility of accessing kinetical-
ly-controlled “living” supramolecular polymerizations analo-
gous to the well-known living covalent polymerizations of 
organic monomers. The latter are of widespread importance as 
means of accessing polymers with chain length control, nar-
row length dispersities, and also complex architectures such as 
block and star copolymers.1,11-18  
  Crystallization is also a nucleation-elongation/growth pro-
cess19 and the solution self-assembly of block copolymers 
(BCPs) with a crystallizable core-forming block has received 
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considerable recent attention.20-28 In selective solvents for the 
corona-forming block, these materials generally form 1D fi-
ber-like micelles (for long corona segments) or two-
dimensional (2D) platelets (for short corona segments) with 
crystalline cores.20-28 These nanomaterials also appear to form 
via a crystallization-driven nucleation-elongation mechanism 
and are polydisperse in their length or areas, respectively, due 
to the slow nature of the initial, spontaneous nucleation step.29 
Sonication of fiber-like structures generates small seed mi-
celles which permit seeded-growth on addition of further mo-
lecularly dissolved BCP (termed ‘unimer’).30,31 Platelet mi-
celles have also been shown to initiate growth where the addi-
tion of a fiber-forming unimer occurs at the short faces of the 
parent structure, producing ‘tassels’ of controlled length. Cir-
cumventing the slow nucleation step allows the formation of 
low dispersity 1D or 2D micelles with controlled dimensions 
via a process termed living crystallization-driven self-
assembly (CDSA).30-33 The sequential addition of different 
BCPs yields cylindrical or platelet block comicelles with seg-
mented architectures.30,34-37  
  Square-planar transition metal-containing complexes based 
on Pt(II) or Au(III) have been of particular interest as precur-
sors to supramolecular polymers.38-48 These complexes have 
been shown to aggregate into discrete nanostructures by co-
facial stacking of the planar species through metallophilic, π-π, 
and hydrogen-bonding interactions.49,50 As a result of these 
non-covalent interactions, planar Pt(II) complexes have been 
reported to aggregate into a range of morphologies on the mi-
cron length scale, including fibers, ribbons and vesicles.51-57 
The resulting materials are of interest due to their electronic 
and emissive properties,38 resistance to photobleaching,58 low 
energy red or near IR excitation for bioimaging applications,39 
and potential anticancer activity.42 Although alterations to the 
solvating ligands and solvent conditions can modify the ag-
gregation behavior, most commonly thick, multi-micron long 
fibers are formed which rapidly result in gelation as a result of 
low colloidal stability. Control of the aggregation process is 
highly desirable as the ability to modulate fiber width and 
length should facilitate long-term colloidal stability, uniform 
behavior, and an ability to tune their optical and electronic 
properties. 
  Analogous seeded-growth techniques have been successfully 
applied to small molecule self-assembly under conditions of 
suppressed dynamic exchange. For example, Fukushima, Aida 
and coworkers and others have demonstrated the seeded 
growth of hexabenzocoronenes and the formation of supramo-
lecular heterojunctions via the sequential addition of mole-
cules with different electronic properties.59-61 More recently, 
work on zinc(II) porphyrins,62,64 perylene diimides,61,65,66 and 
other self-assembling species67 have shown that these small 
molecule building blocks form fibers that can then be convert-
ed into seeds and subsequently used to initiate seeded-growth 
polymerizations to form fibers of controlled length on the mul-
ti-micron length scale. Similarly, suppression of the dynamic 
nature of self-assembling protein and dithiol-functionalized 
peptidic building blocks has led to the formation of fibers, 
including segmented structures, using analogous approach-
es.68,69  
  Recently, we reported preliminary details on the successful 
seeded growth a of Pt(II) complex containing a solubilizing 
polyethylene glycol (PEG) ancillary ligand.70,71Herein, as a 
follow-up to our brief communication, we now report a de-
tailed study of the hierarchical self-assembly of a series of 
square-planar Pt(II) complexes with varying chain lengths for 
the solubilizing oligomeric ancillary ligand and our attempts to 
impose dimensional control on the resulting one-dimensional 
assemblies.  
RESULTS 
  Design and Synthesis of a Series of Amphiphilic Pt(II) 
Pincer Complexes For a systematic study of the self-assembly 
of square-planar Pt(II) complexes, three compounds were syn-
thesized with varying lengths of the solubilizing PEG ancillary 
ligand. The square-planar complex that makes up the core-
forming segment of the amphiphile was chosen due to its af-
finity for 1D growth, driven by Pt∙∙∙Pt and π-π interactions.72-74 
Pairing this moiety with polymer chains of varying lengths at 
the ancillary ligand position was expected to produce assem-
blies with the Pt(II) complex at the core. The resulting mor-
phologies were anticipated to be dependent on the degree of 
polymerization of the solvating PEG chain. The three pyridyl-
functionalized solubilizing ligands were prepared from tosyl-
ated PEGn monomethyl ether [where n represents the degree of 
polymerization (n = 16, number average molecular weight 
[Mn] = 890 g/mol; n = 12, Mn = 715 g/mol; n = 7, Mn = 495 
g/mol; polydispersity index [PDI = Mw/Mn] of all three <1.1 as 
determined by matrix-assisted laser desorption ionization 
time-of-flight [MALDI-TOF] mass spectrometry)] and 4-
hydroxy pyridine. A mixture of a solubilizing pyridyl-PEGn 
ligand of desired molecular weight, PtCl2(DMSO)2, the 
N^N^N pincer ligand (di(1H-tetrazol-5-yl)pyridine) and N,N-
diisopropylethylamine was refluxed in acetonitrile (MeCN) 
overnight (Scheme 1). After work-up, the purified materials 
were isolated as yellow solids in 66%, 71%, and 54% yield for 
PEG chain lengths of n = 16, 12, and 7 repeat units respective-
ly. Characterization was achieved by 1H and 13C NMR spec-
troscopy, and MALDI-TOF mass spectrometry (for full char-
acterization data see SI p. 4, 5 and Figures S1-15). For con-
venience, as the core-forming pincer ligand was a common 
feature, the complexes will be referred to as Pt-PEGn.  
  Electronic Absorption and Fluorescence Spectra of Pt-
PEGn Three separate chloroform solutions containing Pt-
PEG16, Pt-PEG12 and Pt-PEG7 at varying concentrations (0.7, 
0.5, and 0.25 mg/mL respectively) were prepared and aged at 
21 °C for 16 h. UV-Visible absorption spectra of the resulting 
solutions were collected at room temperature (Figure 1a). All 
spectra displayed the π-π* transition on the ancillary pyridine- 
and tridentate-ligand-centered (1LC) charge transfers between 
310 – 340 nm  and  the  lower  energy  metal-to-ligand charge-
transfer (1MLCT) bands between 360 – 400 nm.21 The charac-
teristic metal-metal-to-ligand charge-transfer (1MMLCT) ob-
served in systems with metallophilic interactions between 
neighboring Pt atoms was detected at 430 nm (Figure 1a in-
set).41,73-76 This transition arising from aggregates exhibited 
non-linear dependence of absorbance on concentration that 
thereby disobeys the Beer-Lambert law (Figure S16a).74 
Scheme 1: Synthesis of Pt-PEGn (where n = 7, 12, 16) 
[DIPEA = N,N – diisopropylethylamine] 
 3 
  All three Pt-PEGn species exhibited a broad emission at 560 
nm in chloroform (Figure 1b). The lack of a detectable differ-
ence in the emission spectra of the three compounds suggested
that the Pt-Pt distance is not significantly affected by the solv-
ation of longer or shorter ancillary ligand chains. The excita-
tion spectra also reproduced the band found in the electronic 
absorption spectra at 430 nm (Figure 1b). These photophysical 
characteristics suggest that the aggregation of Pt(II) complexes 
produces 3MMLCT states through communication between 
dz2 orbitals on adjacent Pt(II) atoms.
41 
Self-Assembled Fibers from Pt-PEG16  
  We first set out to study the nanofibers formed from the 
structure with the longest coronal chain, Pt-PEG16. Previous 
studies of the Pt-PEG4 analogue have demonstrated the for-
mation of long (> 100 µm) and relatively thick (>50 nm wide) 
fibers in organic solvents (i.e. dichloromethane and dimethyl-
formamide) at room temperature that aggregate to form metal-
logels.74 By employing a significantly longer solubilizing 
chain, we were able to produce thin, colloidally stable fibers 
that could be subsequently processed to control their lengths.  
  Length Control of Supramolecular Nanofibers Formed 
from Pt-PEG16 by Seeded-Growth The general scheme for 
the preparation of fibers of controlled length is shown in 
Scheme 2. Pt-PEG16 was dissolved in chloroform at 0.05 – 5 
mg/mL and aging the samples overnight at 21 °C produced 
clear yellow solutions. Fibers were imaged in their dried state 
Figure 1: (a) UV-Vis absorption spectra of all three complexes in 
chloroform (Inset: enlarged region showing absorbance bands 
associated with the aggregate 1MMLCT). (b) Excitation (dotted 
lines, λem = 560 nm) and emission (solid lines, λex = 430 nm) 
spectra of Pt-PEGn complexes in chloroform 
 
Scheme 2: Schematic representation of the formation of fibers from Pt-PEG16, their sonication into seed fibers and the subsequent 
unimer addition that leads to fibers of controlled length 
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by transmission electron microscopy (TEM) and in solution by 
confocal laser scanning microscopy (CLSM) which revealed 
the formation of polydisperse 1D structures (e.g. in chloroform 
- Ln = 206 nm, Lw/Ln = 1.73, σ/Ln = 0.85 where Ln and Lw are 
the number and weight average length, and σ is the standard 
deviation, Figure 2a,b, S16b). Fibers formed by analogous 
Pt(II) complexes with shorter, less bulky solubilizing ligands 
have been reported to possess diameters greater than 100 
nm.71,73-75 The fibers formed by Pt-PEG16, however, are sub-
stantially smaller in diameter (< 5 nm) (Figure 2a inset) and do 
not aggregate into large networked bundles. Even when aged 
at 21 °C for over 6 months, the fibers retained their small di-
ameters and colloidal stability (Figure S17). Fibers were also 
formed when Pt-PEG16 was dissolved in a number of other 
solvents. For example, 0.5 mg/mL solutions of Pt-PEG16 that 
had been aged for 16 h at 21 °C in MeCN or dimethylforma-
mide (DMF) (Figure 2c and d respectively) produced fibers 
with lengths greater than 600 nm and the same narrow diame-
ter. When the MeCN solution was drop-cast, evaporated to 
dryness, and analyzed by TEM, the resulting micrographs 
displayed a large amount of unimer-derived film, indicative of 
incomplete aggregation. The solution in MeCN also exhibited 
a decrease in the absorption due to stacking at 430 nm when 
heated to elevated temperatures (Figure S19). We observed no 
fibers when an aliquot of the MeCN solution at 80 °C was 
drop-cast and analyzed by TEM (Figure S19a). This indicated 
the return of fibers to their molecularly dissolved unimer state 
is triggered at elevated temperatures.  
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  Ultrasonication of BCP cylinders is an established method 
for forming short seed micelles.32 First, sonicating a 0.1 
mg/mL chloroform solution of polydisperse Pt-PEG16 fibers 
at 0 °C for 1 h produced seed fibers (Ln = 54 nm, Lw/Ln = 1.11 
σ/Ln = 0.33) which were characterized by atomic force micros-
copy (AFM) (Figure 3a) and TEM (Figures S21a, S22a). We 
then applied the seeded-growth approach developed for the 
living CDSA of BCPs. Fiber length was controlled through 
additions of varying amounts of Pt-PEG16 in their unimeric 
state to the seed fibers. Consequently, 10, 20, 30, 40, 50, 60. 
80, and 160 µg of unimeric Pt-PEG16 were added as a 2 
mg/mL solution in hot (80 °C) MeCN to 20 µg of seeds in 
chloroform at 21°C. The resulting solutions were aged for 16 h 
at 21 °C, then drop-cast and analyzed by AFM (Figure 3b - g) 
and TEM (Figures S21 and S22). Statistical analysis con-
firmed that the Ln of the resulting fibers was linearly depend-
ent on the unimer-to-seed mass ratio (Figure 3h) and that fi-
bers up to Ln = 354 nm (Figure 3g) could be produced with 
relatively low length distributions (Lw/Ln < 1.25 based on TEM 
data, see SI Figures S21, S22 and Table S1 for full seeded-
growth data). It is also notable that the micrographs display a 
distinct lack of seed fibers after the addition of unimer. This is 
indicative of the seeds being consumed during the controlled  
growth. A  control  experiment  was  also  performed in
 which 20 µg of unimeric Pt-PEG16 in hot (80°C) MeCN was 
added to a similar volume of chloroform in the absence of 
seeds. TEM micrographs of the resulting samples displayed 
the formation of polydisperse fibers (Ln = 164 nm, Lw/Ln = 
1.99, Figure S25). The seeded growth experiment in which the 
same 20 µg of Pt-PEG16 unimer was instead added to 20 µg of 
seed fibers produced fibers with a narrow length distribution 
(Ln = 54 nm, Lw/Ln = 1.22). Comparing these length distribu-
tions for homogeneous nucleation with those for seeded 
growth (Figures S25a and S24c respectively) demonstrated 
that the formation of low dispersity fibers could occur only in 
the presence of seed initiators.  
  The fibers formed by many other self-assembling small-
molecule systems have been reported to be dynamic with re-
spect to the exchange of their unimer building blocks.1-10 To 
determine if our system would exhibit analogous dynamic 
behavior, and therefore compromise the dimensional stability 
of the Pt-PEG16 fibers, we monitored the Ln and length distri-
bution (Lw/Ln) of a solution of short fibers (Ln = 65 nm, Lw/Ln 
= 1.17, Figure S26a, S27a) during the course of a 1 week peri-
od. The fibers that were dried and then analyzed by electron 
microscopy in this time frame were, within experimental error, 
unchanged with respect to Ln and Lw/Ln (Figure S26, S27, Ta-
ble S3). In a similar experiment, we examined the same pa-
rameters for a Pt-PEG16 seed solution (Ln = 54 nm, Lw/Ln = 
1.11) aged at 21 °C for 3 months. The resulting seed fibers had 
doubled in length and increased in dispersity (Ln = 103 nm, 
Lw/Ln = 1.34, Figure S28). These results suggest that a slow 
dynamic exchange between the seed fibers occurs during ex-
tensive aging in solution. However, clearly over the timescale 
of the seeded-growth experiments (i.e. 48 h), the dynamic 
exchange is sufficiently suppressed to permit length control 
and relatively low dispersity length distributions.    
Figure 3: Representative AFM micrographs of (a) 0.5 mg/mL chloroform solution of Pt-PEG16 seed fibers after sonication (Ln = 41 nm, 
Lw/Ln = 1.06). Elongated fibers formed by adding (b) 10 μg, (c) 20 μg, (d) 40 μg, (e) 50 μg, (f) 60 μg, and (g) 80 μg of Pt-PEG16 unimer 
to 20 μg of seed fibers in chloroform. (h) Linear dependence of the fiber average contour length on the unimer-to-seed mass ratio. Scale 
bars: 250 nm.  
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  Solid- and Solution-State Structural Characterization of 
Pt-PEG16 Fibers Previous studies on Pt(II) complex self-
assembly have enabled a determination of the inter-complex 
spacing  mediated  by   the   Pt∙∙∙Pt  and  π-π   overlap through 
single-crystal X-ray diffraction. Perhaps due to the nature of 
the ancillary PEG ligand, which consisted of a distribution of 
oligomeric chain lengths, the purified complex was a gum that 
was unsuitable for the growth of single crystals. We therefore 
applied other characterization techniques on both the dried and 
solvated fibers to discern the nature of the complex packing 
within the structures’ core. 
  In order to complement the TEM characterization, which is 
performed in  the  dried  state,  and the  CLSM  data  in  solu-
tion 
(Figure 2b), we also examined the fibers in the solution-phase 
by small-angle X-ray scattering (SAXS). Initial attempts to 
characterize the fibers in chloroform were unsuccessful due to 
X-ray absorption and we therefore explored the use of DMF as 
solvent. Pt-PEG16 was dissolved in DMF to make a 5 mg/mL 
solution. After aging the mixture for 16 h at 21 °C, an aliquot 
was drop-cast onto a copper grid and analysis by TEM re-
vealed a high surface density of fibers (Figure S29a). Another 
aliquot of the same solution was then sealed in a capillary tube 
and was analyzed by SAXS. The resulting SAXS trace of the 
radially-averaged and background subtracted scattering (Fig-
ure S29b) showed that the intensity at low scattering vector 
exhibited a    Q-0.96 dependence, indicating the presence of 
elongated or rod-like structures in solution.24 The data collect-
ed represented an intermediate Q-region, as indicated by the 
gradient persisting at the lowest Q-values suggesting that the 
fibers in solution are very long. Assuming the fibers have a 
circular cross-section and following the intermediate-Q Guin-
ier approximation, the data suggest a core radius of 1.6 nm 
(and therefore width of 3.2 nm) for the Pt-PEG16 fibers in 
solution (Figure S29c).  
  In addition, a 0.5 mg/mL chloroform solution of Pt-PEG16 
fibers was drop-cast and imaged by AFM (Figure 4). The re-
sulting micrographs displayed fibers with narrow diameters 
(<5 nm) comparable to the widths determined by TEM. Fiber 
lengths also ranged in length from 300 nm to several microns 
Figure 2: Fibers formed by aging a 0.25 mg/mL chloroform solu-
tion of Pt-PEG16 at 21 °C for 16 h imaged by (a) TEM (inset 
higher magnification of single fiber) and (b) CLSM (inset: higher 
magnification of fluorescent fibers). Representative TEM micro-
graphs of polydisperse fibers formed by aging a 0.5 mg/mL solu-
tion for 16 h at 21 °C in (c) MeCN and (d) DMF. 
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(Figure 4a,b). A height analysis (Figure 4c) across multiple 
fibers showed the structures to be about 3.3 nm high – in good 
agreement with core width determined by SAXS.  
  Further structural characterization of the fibers by wide-angle 
X-ray scattering (WAXS) and selected area electron diffrac-
tion (SAED) was performed. An aliquot of the 5 mg/mL DMF 
solution containing Pt-PEG16 fibers was also drop-cast and 
evaporated on a Kapton® film and the residual fibers subjected 
to WAXS analysis. The resulting plot (Figure S29d) displayed 
a strong Bragg peak (Q = 1.891 Å-1, d = 0.330 nm) assigned to 
the distance between cofacially stacked Pt complexes at the 
fiber core. In addition, SAED of the fibers (Figure S29e,f) also 
showed a distinct reflection with a spacing of 0.323 nm, a 
value that is within the known range of spacings for stacked Pt 
complexes that exhibit metallophilic interactions.48,77 
  Next, we explored the effect of fiber length on the UV-vis 
absorption spectra of Pt-PEG16. We targeted very short fibers 
to provide a lower limit for our comparative data. Previous 
reports of seed formation through high-powered ultrasoni-
cation of BCP cylinders with a sonotrode device suggest that 
increasing the sonotrode unit power will easily yield much 
shorter seed micelles.31,78 The resulting micrographs produced 
by drop-casting an ultrasonicated 0.25 mg/mL chloroform 
solution of Pt-PEG16 displayed no evidence of surviving seed 
fibers. Fiber cleavage in a sonication bath at 0 °C, however, 
was found to be more controlled, and these milder conditions 
were therefore used over 3 h to produce short seed fibers (Ln = 
32 nm (Lw/Ln=1.10, Figure S30). Interestingly, the shortest 
fibers showed no major difference in their UV-vis absorption 
spectra when compared to the longer structures (Figure S30g). 
The lack of any detectable shift in these spectra suggests that 
the maximum conjugation limit is even shorter than the mini-
mum fiber length (ca. 30 nm) available in this study.  
Self-Assembly of Pt-PEG12 
  Following the studies of the self-assembly of Pt-PEG16, we 
moved on to explore the aggregation behavior of Pt-PEG12, a 
complex with a shorter ancillary solubilizing ligand. 
Figure 4: (a,b) AFM height images of representative Pt-PEG16 
fibers grown in chloroform at 0.5 mg/mL (Inset: higher magnifi-
cation of multiple parallel fibers) and (c) height profile of multi-
ple fibers (green line trace in b). 
 8 
  Pt-PEG12 was dissolved in chloroform at 0.5 mg/mL and 
allowed to age 16 h at 21 °C. This solution was drop-cast and 
the subsequent TEM analysis revealed that fibers formed were 
similar in length (> 200 nm) and width (< 5 nm) to their Pt-
PEG16 counterparts (Figure 5a). There was no detectable 
unimer film present on the copper grid and the average length 
(Ln) of the Pt-PEG12 fibers was 453 nm (Lw/Ln = 1.63, σ/Ln  = 
0.80, Figure S31a,b). These fibers were then sonicated and 
used in a seeded growth process identical to their Pt-PEG16 
contemporaries. First, a 0.1 mg/mL chloroform solution of 
polydisperse length Pt-PEG12 fibers was sonicated at 0 °C for 
1 h to produce seed fibers (Ln = 38 nm, Lw/Ln = 1.11, Figure 
32a, S33a). The resulting fiber contour length was then con-
trolled through the additions of Pt-PEG12 unimer to these 
seeds. 10, 20, and 40 µg of unimeric Pt-PEG12 was added 
from an 80 °C MeCN solution to 20 µg of seed fibers in chlo-
roform. The solutions were then aged for 16 h at 21 °C and 
then an aliquot was drop-cast and imaged by TEM. Analogous 
to the seeded growths of Pt-PEG16, the resulting fiber lengths 
increased linearly with the unimer-to-seed mass ratio (Figure 
S32, S33 and Table S4). The resulting fibers after the largest 
unimer addition (40 µg, munimer/mseed = 2) reached Ln = 438 nm 
(Lw/Ln = 1.28).
  We also tested the potential for Pt-PEG12 to exhibit dynamic 
exchange behavior by monitoring the Ln and polydispersity 
(Lw/Ln) of near monodisperse length fibers over the course of 1 
week. A solution of short Pt-PEG12 fibers (Ln = 61 nm, Lw/Ln 
= 1.08, Figure S34a, S35a) in chloroform was aged at 21 °C 
and was drop-cast onto a copper grid at 24 h intervals. Length 
analysis of the resulting TEM micrographs revealed the in-
crease in both Ln and Lw/Ln in as little as 48 h (Figure S34, S35 
and Table S5). After 120 h in solution, the Ln had tripled to 
183 nm and the polydispersity had significantly increased 
(Lw/Ln = 1.40). When compared to the analogous study with 
Pt-PEG16, Pt-PEG12 is notably more dynamic with respect to 
inter-fiber building-block exchange. 
  Interestingly, the fibers formed by Pt-PEG12 in chloroform 
evolved into platelet structures after aging the solution for 
extended periods of time (ca. 4 weeks). After 4 weeks in solu-
tion at 21 °C, a drop-cast aliquot was analyzed by TEM to 
reveal a distinct new platelet morphology alongside polydis-
perse length fibers (Figure 5b, S31c). Through the analysis of 
higher magnification electron micrographs, the majority of the 
platelets displayed a distinct boundary where 1D fibers pro-
truded from the 2D structures (Figure 5c, S31d). The coexist-
ence of both platelet and fiber morphologies still persisted 
after 6 months of aging in solution (Figure S36). The platelets 
of Pt-PEG12 require 4 weeks to form but are sufficiently ro-
bust to allow solvent removal and redispersion without major 
fracturing or disassembly (Figure S36b).  
Figure 6: CLSM image of fibers and platelets formed from Pt-
PEG12 in chloroform. 
Figure 5: TEM micrographs of Pt-PEG12 nanostructures drop cast from a 0.5 mg/mL chloroform solution after being aged at 21 °C for (a) 
16 h and (b) 4 weeks. (c) A higher magnification of a platelet terminus. (d) A schematic demonstrating the transformation of the unimer 
into platelets via fiber intermediates. (e) AFM height image of a 0.5 mg/mL chloroform solution drop cast onto a carbon coated copper 
grid and (f) height profile of a platelet and fiber (green line in e). 
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  AFM analysis of the mixture of self-assembled fibers and 
platelets formed by Pt-PEG12 was also performed (Figure 5e, 
S31e). A height trace measurement of both morphologies con-
firmed that the platelets were flat and were of similar height to 
the fibers (~3.2 nm) (Figure 5f). 
  Solution- and Solid-State Characterization of Pt-PEG12 
Platelet Structures Compared to their fiber counterparts, the 
platelets formed by Pt-PEG12 possess dimensions significantly 
longer (>5 µm) and wider (~20 - 30 nm) allowing them to be 
readily detected by CLSM (Figure 6, S31f). Despite their rela-
tively large size, the platelets demonstrate impressive colloidal 
stability and remain dispersed in solution for over 6 months, 
along with the co-existing fibers. To further characterize the 
2D platelets X-ray scattering techniques were employed. First, 
a 5 mg/mL DMF solution of Pt-PEG12 containing platelets and 
fibers was  prepared.  A 20 µL  aliquot of this  solution  was  
then
 drop-cast onto a Kapton® film, dried and then subjected to 
WAXS analysis (Figure S31g). The intense scattering at 1.902 
Å-1 - also detected in the Pt-PEG16 fiber solutions - can be 
attributed to the 0.330 nm spacing between the cofacially 
stacked Pt complexes. In addition, SAED of a single Pt-PEG12 
platelet (Figure S31h,i) also showed a distinct reflection with a 
spacing of 0.323 nm, analogous to the value detected for Pt-
PEG16. This consistent inter-complex distance is mirrored 
clearly in the MMLCT transitions detected by electronic ab-
sorption (430 nm) and emission (broad peak centered at 560 
nm) when comparing the assemblies formed by Pt-PEG12 and 
Pt-PEG16.  
  Scarf-like Nanostructures of Pt-PEG12 Platelets and Pt-
PEG16 Fibers Next, we aimed to reduce the overall size and 
aspect ratio of the Pt-PEG12 platelets formed during the ex-
tended solution aging process. By subjecting a chloroform 
solution containing mixed platelet and fiber morphologies 
(Figure 7b) to gentle sonication (30 minutes at 0 °C), we were 
able to fragment both into much smaller components (Figure 
7c, S37). The platelets present after sonication also exhibited 
square-edges without any fiber tendrils, adopting a more rec-
tangular shape compared to their precursors. We then attempt-
ed to produce a mixed fiber-platelet hybrid structure by initiat-
ing the growth of the fiber-forming, longer PEG chain material 
(Pt-PEG16) from the shorter PEG chain-containing platelets 
(Pt-PEG12) (Figure 7a). To a 0.1 mg/mL chloroform solution 
at 21 °C containing sonicated Pt-PEG12 platelets and fibers 
was added 30 µg of Pt-PEG16 unimer in MeCN at 80 °C. The 
solution was aged at 21°C for 16 h and then an aliquot was 
drop-cast onto a TEM grid. TEM analysis confirmed the 
growth of Pt-PEG16 fibers from the narrow faces of approxi-
mately 70% of the Pt-PEG12 platelets (Figure 7d, S38). The 
TEM micrographs also do not display any surviving short seed 
fibers, instead, a number of long fibers are present. Thus, the 
addition of Pt-PEG16 to the fragmented Pt-PEG12 fibers and 
platelets leads to the new scarf-like structures as well as elon-
gated fibers via seeded growth. 
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Self-Assembly of Pt-PEG7  
  The aforementioned results showed that reducing the ancil-
lary PEG ligand chain length from 16 to 12 repeat units leads 
to an increase in dynamic behavior and triggers a morphologi-
cal transition from fibers to a mixture of fibers and platelets. 
Next, we explored the use of a PEG ligand chain length of 
only 7 repeat units. When a 0.5 mg/mL chloroform solution of 
Pt-PEG7 was aged at 21 °C for 24 h, a drop-cast aliquot 
showed the exclusive presence of 2D platelets by TEM (Fig-
ure 8a, S39). The resulting multi-micron long ribbons pos-
sessed their greatest widths (~ 60 nm) at the center of the 
structure and tapered off towards the termini. Once formed, 
the ribbon-like platelets could also be dried and redispersed in 
chloroform without incurring any detectable change in overall 
dimensions (Figure S40). The 24 h period during which Pt-
PEG7 formed the platelet morphology allowed us to monitor 
the transformation from unimer by TEM by drop-casting the 
solution at specific time points (Figure 8b–e, S41). Immediate-
ly after dissolution, TEM analysis revealed what appeared to 
be short fibers (< 5 nm diameter) embedded in a unimer film 
(Figure 8b) that presumably forms as the result of a drying 
effect. After aging for 1 h at 21 °C, long fibers started to 
emerge (Figure 8c) and further aging to 16 h showed that only 
very long (> 3 µm) fibers remained (Figure 8d). In contrast, 
after 24 h, only platelet structures were detected (Figure 8e).  
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  To explore the possibility of producing platelet-type seed 
micelles, these 2D structures were then subjected to 30 
minutes of sonication at 0 °C. This resulted in the formation of 
rectangular platelets with smaller aspect ratios (An = 11480 
nm2, Aw/An = 1.58, σ/An = 0.73, where An and Aw are the num-
ber and weight average surface areas, Figure 8f, S42). Similar 
to the Pt-PEG12 platelets, the 2D structures produced by Pt-
PEG7 could also be used to initiate the growth of Pt-PEG16 
fibers. To 200 µL of a 0.1 mg/mL chloroform solution of Pt-
PEG7 at 21 °C was added 30 µg of Pt-PEG16 unimer in MeCN 
at 80 °C. The resulting solution was aged for 16 h at 21 °C, 
followed by drop-casting and analysis by TEM. The resulting 
electron micrographs revealed the growth of single fibers from 
the short faces of ca. 70% of the seed platelets (Figure S43). 
The original square-edged platelets also appeared to become 
more lenticular and also fiber-like towards their termini. The 
Figure 7: (a) A schematic demonstrating the addition of Pt-PEG16 selectively to the short faces of a Pt-PEG12 platelet. A drop cast aliquot 
of a 0.5 mg/mL chloroform solution containing polydisperse fibers and platelets of Pt-PEG12 (b) before and (c) after gentle sonication at 0 
°C for 0.5 h. (d) Scarf-like hybrid structures formed by adding Pt-PEG16 to Pt-PEG12 platelets (Inset: a scarf structure grown from a signif-
icantly smaller platelet initiator).  
Figure 8: Platelets formed from Pt-PEG7 at 0.5 mg/mL in chloroform after aging for 24 h. Platelet growth monitored by dissolving Pt-
PEG7 at 0.5 mg/mL in chloroform and drop-casting onto TEM grids at t = (b) 0 h, (c) 1h, (d) 16 h and (e) 24 h. (f) The resulting structures 
after 0.5 h of sonication at 0 °C (Inset: magnified small aspect ratio platelets). 
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addition of Pt-PEG16 also led to the formation of self-
nucleated fibers alongside the platelet-fiber hybrid structures.  
  To gain insight into the nature of the stacking in the cores of 
the Pt-PEG7 platelets, we prepared a 5 mg/mL solution in 
DMF. An aliquot was drop-cast and, after the solvent evapo-
rated, subject to TEM analysis. Simultaneously, a second ali-
quot was drop-cast onto a Kapton® film and analyzed in the 
dry state by WAXS. The TEM micrograph indicated the pres-
ence of a high surface density of platelets (Figure S44a). 
WAXS analysis led to the detection of a similar scattering 
peak to that observed for Pt-PEG12 and Pt-PEG16 (d = 0.330 
nm, Figure S44b). Thus this peak can be similarly assigned to 
the spacing between the cofacially stacked square planar Pt 
moieties in the fiber core. SAED was also performed on Pt-
PEG7 platelets (Figure S44c,d) and again a 0.323 nm reflec-
tion was detected and assigned to the inter-complex stacking 
distance. The similarity of this spacing in the fibers formed by 
all three Pt complexes is also evidenced by the near-identical 
electronic absorption and emission spectra (Figure 1). This 
demonstrates that this transition, which arises due to Pt∙∙∙Pt 
interactions, is independent of the length of the solubilizing 
PEG ligand within the error of our measurements. 
DISCUSSION 
  Length Control of 1D Nanostructures from Pt-PEG16 and 
Pt-PEG12 We have successfully applied the seeded growth 
“living CDSA” methods developed for BCP systems with 
crystallizable cores to self-assemble amphiphilic Pt(II) com-
plexes with long solubilizing ancillary PEG ligands. A 16-
repeat unit PEG-containing Pt(II) complex Pt-PEG16 was 
found to self-assemble exclusively into narrow diameter, col-
loidally stable nanofibers with controllable lengths and rela-
tively narrow length distributions via a seeded-growth proce-
dure. A key requirement for these metallosupramolecular fi-
bers to be formed with length control and low dispersities is 
that dynamic exchange of the individual Pt(II) complex build-
ing blocks is suppressed on the time scale of the experiments 
(< 48 h). This was found to be the case for Pt-PEG16 and, to a 
lesser extent, Pt-PEG12. 
  Previous work on similar Pt(II) complexes but without the 
long solubilizing ancillary PEG ligands has often demonstrat-
ed the formation of gels through uncontrolled spontaneous 
nucleation and large diameter (> 100 nm), multi-micron long 
fibers.72-74,79-81 Length control has been recently established in 
one recent case71 which uses a Pt(II) complex similar to those 
used in this study except that the PEG ligand possessed only 3 
repeat units. Using much larger seeds (hydrodynamic diameter 
[Dh] = 265 nm as determined by dynamic light scattering) 
uniform fiber-like rods were grown to multi-micron lengths 
and hundreds of nanometers thick.71 The fibers formed by Pt-
PEG16 in this study however, are orders of magnitude narrow-
er in diameter and are stable in solution (i.e. without gelling or 
uncontrolled aggregation) for long periods of time (> 6 
months). Furthermore, the fibers formed via seeded growth 
have tunable lengths with relatively narrow length distribu-
tions up to ca. 400 nm dependent on the unimer-to-seed mass 
ratio. 
  In a seeded growth using Pt-PEG16 seeds (Ln = 60 nm, Lw/Ln 
= 1.14, Figure S23, S24), the contour lengths predicted by the 
unimer-to-seed mass ratios are smaller than those observed. 
This is particularly noticeable in the difference between the Ln 
of the seeds (60 nm) and the fibers after the addition of 5 µg 
(munimer/mseed = 0.25) of unimer (observed Ln = 150 nm, ex-
pected Ln = 75 nm). This discrepancy has been noted in previ-
ous stud-
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ies of crystalline-coil BCPs82 and may be the result of two 
phenomena. First, the seeds may be thicker than the fibers that 
grow from their termini and second, a number of the initial 
seed structures could be inactive towards epitaxial growth.82 
Another issue arising from the studies was the significant dis-
persity increase for fibers above unimer-to-seed mass ratios of 
4:1. At these higher ratios which correspond to larger unimer 
additions, the competition between epitaxial growth from the 
seeds and self-nucleation is most likely significant. This could 
result in the formation of new fibers via homogeneous nuclea-
tion in parallel to those undergoing elongation by seeded 
growth. 
  The suppression of dynamic unimer exchange for Pt-PEG16 
fibers was demonstrated by monitoring the average fiber 
length and polydispersity over the course of 1 week. Over this 
time frame, neither a change in length nor distribution broad-
ening was detected. Analogous experiments with Pt-PEG12 
fibers revealed a significant increase in length and polydisper-
sity in just 48 h. Furthermore, aging solutions of Pt-PEG12 for 
4 weeks resulted in the additional formation of a 2D (i.e. plate-
let) morphology. The increase in dynamic behavior exhibited 
by Pt-PEG12 compared to Pt-PEG16 underscores the necessity 
for a long solubilizing ligand in order to suppress dynamic 
exchange.   
  Accessing 2D and Hierarchical Structures from Pt-PEG12 
and Pt-PEG7 The main factor influencing the aggregation 
behavior of the Pt-PEGn system studied in this work was 
found to be the degree of polymerization (n) of the solubiliz-
ing ancillary ligand. By reducing the length of the solubilizing 
PEG ligand, we have been able to access 2D structures. Thus, 
solutions of Pt-PEG12 initially produced 1D fibers comparable 
to those observed exclusively for the longer chain analogue 
Pt-PEG16 whereas multi-micron long platelets were also 
formed after aging in solution for 4 weeks. Interestingly, chlo-
roform solutions containing Pt-PEG7 produced exclusively 
platelet morphologies over a significantly shorter time frame 
(ca. 24 h). The fact that the Pt-PEG12 solutions contained both 
platelets and fibers potentially suggests this PEG chain length 
characterizes a boundary between the two morphologies. Due 
to the nature of polymer synthesis, there are distributions of 
chain lengths present in the Pt-PEG12 material centered at n = 
12. It is possible that the chains where n ≥ 12 are the structures 
that remain as fibers even after 6 months, whereas platelets are 
slowly formed when n < 12.  
  Previous work from the Yam group on the self-assembly of 
amphiphilic planar Pt(II) complexes (Figure 9) revealed a 
morphological transition from fibers to platelets when the 
length of the core-forming alkyl chain ancillary ligand was 
altered.83 However, in this case the structure of the self-
assembled materials was the inverse of that described in this 
work as, in the aqueous medium used, the core consisted of 
hydrophobic pendent alkyl chains and the hydrophilic, charged 
Pt(II) moieties formed the corona. In this case the transition 
from fiber to platelet was marked by a corresponding redshift 
in the emission spectra, suggesting that the inter-complex 
Pt∙∙∙Pt spacing varied between morphologies. In contrast, in 
our work with a core-forming Pt complex, we observed no 
corresponding redshift in the emission spectra during the mor-
phological transition, indicating that the stacking remains es-
sentially unchanged between fibers and platelets.  
  Fragmentation of the 2D structures formed by Pt-PEG12 and 
Pt-PEG7 was achieved using sonication. We found that the 
addition of fiber-forming Pt-PEG16 unimer to the fragmented 
platelets of Pt-PEG12 and Pt-PEG7 produced scarf-like struc-
tures. BCP and homopolymer platelets with crystalline cores 
have been previously shown to exhibit this behavior as cylin-
der-forming unimer adds selectively to their open short fac-
es.84-86 
  Rationalizing 2D Structure Formation Through Decreas-
ing PEG Chain Length BCPs with crystallizable core-
forming blocks generally form self-assembled structures with 
a low curvature core-corona interface. By increasing the core-
corona block ratio, and therefore decreasing the magnitude of 
the packing parameter,87,88 a subsequent rise in the inter-
coronal repulsion can lead to a more curved interface (i.e. the 
formation of cylinders or fibers compared to platelets).21 This 
behavior is also exhibited in the Pt-PEGn system, where the 
steric bulk associated with the oligomer chain length deter-
mines the resulting morphology.  
  The amphiphilic Pt(II) complexes Pt-PEG12 and Pt-PEG7 
initially form 1D structures that slowly, or rapidly, form plate-
lets, respectively. The mechanism for 2D structure formation 
may involve the fusion of fibers to form 2D platelets. A paral-
lel can be drawn to the self-assembly of PCL-b-PEG (PCL = 
polycaprolactone) BCP/PCL homopolymer blends described 
by Eisenberg, van de Ven and co-workers in which fibers with 
a crystalline PCL core form initially and then fuse into “raft” 
morphologies.89 By decreasing the bulk of the corona-forming 
polymeric ligand for the cases of Pt-PEG16 to Pt-PEG12, we 
observed a similar morphological transition where 1D fibers 
form initially and then appear to fuse into large 2D structures 
with fibers protruding from the platelet ends.  Our results sug-
gest that the amphiphilic Pt(II) complexes with shorter solubil-
izing chains aggregate first into fibers driven by metallophilic 
and -stacking interactions and that this is followed by their 
hierarchical assembly into platelets (see Figures 5d and 8) 
based on the preference for a lower curvature core-corona 
interface. 
  Further characterization of the internal structure of the fibers 
and platelets revealed several similarities. First, AFM height 
images of the fibers and platelets formed from Pt-PEG16 and 
Pt-PEG12 (Figure 4 and 5e respectively) indicated that their 
height was similar (3.2 nm). This is consistent with the pro-
posed fiber fusion mechanism. Secondly, UV-Vis and fluores-
cence spectra exhibited no detectable band differences in the 
region associated with Pt∙∙∙Pt interactions for the fiber and 
platelet morphologies (Figure 1). As this absorption band is 
sensitive with respect to the Pt∙∙∙Pt stacking distance, this indi-
cates that the packing in the different morphologies is similar. 
Finally, the assemblies of all three complexes showed a con-
sistent d-spacing of ca. 0.32 – 0.33 nm by X-ray and electron 
diffraction, which is also consistent with the presence of simi-
lar stacking of the Pt complexes.   
Figure 9: Structure of amphiphilic alkynylplatinum(II) that was 
self-assembled in aqueous media.82 
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CONCLUSIONS 
  The seeded-growth living CDSA method developed for BCP 
self-assembly in 1D and 2D has been successfully extended to 
stacking square planar Pt(II) complexes that form narrow di-
ameter supramolecular polymeric fibers. Our studies indicate 
that under conditions where the exchange of the Pt complex 
building blocks is suppressed, dimensional control is possible. 
Thus in the cases of the amphiphilic Pt(II) complexes Pt-
PEG16 and Pt-PEG12 fibers up to ca. 400 nm long with rela-
tively narrow length distributions were accessible via seeded 
growth. Moreover, the fiber length was dependent on the 
unimer-to-seed mass ratio which is analogous to living cova-
lent polymerizations of molecular monomers.  
  Samples of Pt-PEG16 fibers displayed no increase in length 
nor dispersity over the course of 1 week when aged in solution 
and were therefore static on this timescale. In contrast, both 
the average length and dispersity of Pt-PEG12 fibers exhibited 
a substantial increase over a similar 1 week time period, indi-
cating that the fibers were dynamic in solution. Indeed, aging 
the Pt-PEG12 fibers for 4 weeks revealed the formation of a 
platelet morphology alongside the initial fibers. By further 
shortening the PEG chain length to Pt-PEG7, we were able to 
exclusively form platelets in under 24 h.  This demonstrates 
that access to supramolecular 1D and 2D architectures can be 
achieved by simple alterations in the length of the solubilizing 
ancillary ligand and that this follows the expected trend based 
on packing parameters. The increase in dynamic behavior in 
the order Pt-PEG16 < Pt-PEG12 < Pt-PEG7 underscores the 
necessity for the presence of a long solubilizing ligand in order 
to suppress dynamic exchange.   
  Further studies of the 1D and 2D assemblies by electronic 
absorption, electron and atomic force microscopy and X-ray 
scattering techniques demonstrated structural similarities be-
tween the morphologies. Both exhibited the same UV-vis ab-
sorption (centered at 430 nm) and emission (centered at 560 
nm where λex = 430 nm) behavior which suggested the pres-
ence of similar Pt∙∙∙Pt interactions. Similarly, X-ray scattering 
and electron diffraction displayed a consistent d spacing of ca. 
0.32 – 0.33 nm in all 3 self-assembled amphiphilic Pt(II) com-
plexes which we assign to the cofacial stacking repeat dis-
tance. AFM also revealed identical heights for the fibers and 
platelets within experimental error (3.2 nm). It therefore ap-
pears likely that when the fibers formed initially by Pt-PEG12 
and Pt-PEG7 begin to aggregate they laterally fuse, to form 
platelets (Figure 5d), a mechanism recently proposed for PCL-
based BCP/homopolymer blends.89  
  Both Pt-PEG12 and Pt-PEG7 platelets were fragmented by 
sonication into smaller surface area and aspect ratio seed 
structures. By mixing these small square-edged platelets with 
fiber-growing unimer (e.g. Pt-PEG16), we were able to access 
hierarchical “scarf-like” architectures. Kinetically-controlled, 
seeded growth methods analogous to those we describe here 
should be applicable to a wide range of different supramolecu-
lar fiber-forming molecular building blocks. Studies are un-
derway to investigate this possibility, which would allow ac-
cess a wide range of uniform, functional, and hierarchical90 
materials with diverse potential applications. 
METHODS 
  Synthesis of Pyridyl-PEGn. All reactions were carried out 
under atmospheres of dry nitrogen using standard Schlenk line 
techniques. All chemicals were purchased from Aldrich and 
were used as received unless otherwise stated. The experi-
mental procedure performed for all three derivatives were 
carried out in a similar fashion. A detailed outline of this pro-
cedure for Pyridyl-PEG16 is as follows:  Ts-PEG16 (1.5 g, 1.6 
mmol, 1.0 eq.), K2CO3
 (0.24 g, 1.8 mmol, 1.1 eq.) and 4-
hydroxypyridine (0.16 g, 1.6 mmol, 1.0 eq.) were dissolved in 
MeCN (100 mL) and refluxed for 16 h. MeCN was removed 
under vacuum and a mixture of water (50 mL) and DCM (50 
mL) was added. The product was extracted into dichloro-
methane, washed with brine (1  50mL), dried over MgSO4, 
filtered, and concentrated under reduced pressure. The crude 
product was then purified by silica gel chromatography using 
a 10% methanol in DCM mixture to give a light brown oil.  
  Synthesis of Pt-PEGn. The experimental procedure per-
formed for all three derivatives were carried out in a similar 
fashion. A detailed outline of this procedure for Pt-PEG16 is 
as follows: In an argon atmosphere MBraun MB150B-G glove 
box, Pyridyl-PEG16 (0.16 g, 0.20 mmol, 1.0 eq.), 2,6-
bis(tetrazol-5-yl)pyridine91 (42 mg, 0.20 mmol, 1.0 eq.), 
Pt(DMSO)2Cl2 (88 mg, 0.20 mmol, 1.0 eq.) and N,N-
diisopropylethylamine (DIPEA) (78 mg, 0.60, 3.0 eq.) were 
mixed in MeCN. The reaction mixture was sealed, removed 
from the glove box and sonicated for 15 min to dissolve all the 
contained solids. After transferring the reaction mixture to a 
Schlenk line, it was then refluxed for 24 h. MeCN was re-
moved under vacuum and the crude product was purified by 
silica chromatography using 10% methanol in DCM as eluent 
to give final product as a yellow gum. 
 Characterization. NMR spectra were recorded at ambient 
temperatures on a Varian 400 spectrometer with all resonances 
referenced to residual NMR solvent resonances (1H and 13C). 
MALDI-TOF mass spectrometry experiments of Pt-PEG16, 
Pt-PEG12 and Pt-PEG7 were performed using a Bruker Ultra-
flextreme running in linear mode. Samples were prepared by 
mixing a solution containing trans-2-[3-(4-tert-butylphenyl)-2-
methyl-2propenylidene]malonitrile matrix (20 mg/mL in tet-
rahydrofuran) and a solution of Pt-PEGn (1 mg/mL in tetra-
hydrofuran) in a 1:9 (v/v) ratio. Approximately 1 µL of the 
mixed solution was deposited onto a stainless steel sample 
plate and allowed to dry in air. The resulting mass spectra 
contain a second distribution 28 mass units shifted from the 
parent distribution that is the result of a fragmentation of the 
tetrazole rings that leads to the expulsion of N2.
92,93 
  Electronic Absorption Spectroscopy and Spectrofluorom-
etry. UV-vis absorption spectra were obtained on a Lambda 
35 spectrometer employing standard quartz cells (1 cm) from 
200 to 800 nm. The absorption plots obtained for Pt-PEGn 
were arbitrarily normalized to ensure no overlap of the absorp-
tion band at 430 nm. For varying temperature experiments, a 
magnetic stirrer for single cells holders was used alongside a 
peltier temperature controller accessory. 
Excitation and emission spectra were obtained on a Jasco 
FP6500 Spectrofluorometer using standard 1 cm path length 
quartz cuvettes. Solutions were degassed by bubbling N2 
through the solution before spectrum collection. Emission 
spectra were collected with a λex = 430 nm and excitation spec-
tra were collected with a λem = 560 nm. 
  Sonication. Micelles were sonicated at 0 °C in a Bandelin 
Sonorex Digitec sonication bath for specified times (i.e. 0.5 h 
– 3 h).  
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  AFM. Atomic force microscopy images were obtained in 
ambient conditions utilizing a Multimode VIII with a Nano-
scope V controller with PeakForce feedback control. Platelets 
drop-cast on carbon-coated copper grids were used for AFM 
measurements. All AFM images from which dimensions were 
determined were obtained with a fresh SCANASYST-HR 
(Bruker) cantilever of nominal tip radius 2 nm. The dimen-
sions quoted in the text have not been corrected for tip effects, 
which are expected to be negligible. Images were analyzed 
using Gwyddion, an open-source software program for SPM 
images (www.gwyddion.net). 
  CLSM. Confocal imaging was performed using a Leica SP5 
system attached to a Leica DMI6000 inverted epifluorescence 
microscope with a ×63 (numerical aperture 1.4) oil immersion 
objective lens. Pt-PEGn was excited using an Argon laser 
operating at 405 nm. Confocal images were obtained using 
digital detectors with observation windows of 500-640 nm. 
The resulting outputs were obtained as digital false-color im-
ages, and were color coded as green. Micelle concentrations of 
0.05 mg/mL in chloroform were used for imaging experi-
ments. 
  SAXS and WAXS. X-ray scattering measurements were 
performed in transmission geometry using a Ganesha small 
angle X-ray scattering apparatus (SAXSLAB, Denmark). So-
lution samples were prepared by dissolving the solid Pt com-
plex in DMF (~5 mg/mL), aging for 16 h or 4 weeks at 21 °C, 
and then sealing a 50 µL aliquot in a capillary tube with Aral-
dite®. To produce a film of for WAXS analysis, the same 5 
mg/mL DMF solution was drop-cast onto a 25 µm thick Kap-
ton® film (4,4'-oxydiphenylene-pyromellitimide, DuPont). 
The capillary or film was then secured in position, perpendicu-
lar to the X-ray beam and the detector was positioned at a dis-
tance of ca. 1050 mm and 100 mm for the SAXS and WAXS 
measurements respectively. All measurements were carried 
out in an evacuated chamber to reduce scattering by air. As the 
instrument has been calibrated to give absolute intensities for 
each configuration, the data sets could be separately back-
ground subtracted and azimuthaly regrouped and subsequently 
overlaid and stitched together without introducing further scal-
ing factors 
  TEM and SAED: The samples for electron microscopy were 
prepared by drop-casting one drop (ca. 10 µL) of the colloidal 
solution onto a carbon coated copper grid which was placed on 
a piece of filter paper to remove excess solvent. Bright field 
TEM micrographs were obtained on a JEOL1200EX II micro-
scope equipped with an SIS MegaViewIII digital camera or 
JEOL1400 microscope equipped with a Gatan Orius 830 digi-
tal camera. Both microscopes were operated at 120 kV. No 
staining of the samples was necessary. Images were analyzed 
using the ImageJ software package developed at the US Na-
tional Institute of Health. For the statistical length analysis, 
180 - 230 cylinders were carefully traced by hand to determine 
the contour length or surface area. From this data Ln and Lw of 
each sample of fibers were calculated as shown below (L = 
length of object, N = number). 
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The standard deviations (𝜎) of the measured lengths are relat-
ed to length dispersity (Lw/Ln) assuming a Gaussian distribu-
tion through the following expression:94,95  
𝐿𝑤
𝐿𝑛
− 1 = (
𝜎
𝐿𝑛
)2 
Gaussian distribution functions overlaying relevant histograms 
were plotted according to the probability density function of a 
normal distribution as shown in the following equation: 
𝑓(𝑥|𝐿𝑛, 𝜎) =
1
𝜎√2𝜋
𝑒
−
(𝑥−𝐿𝑛)
2
2𝜎2  
Where Ln is the mean contour length of the measured fibers 
and 𝜎 is the standard deviation. 
Electron diffraction (ED) patterns for the fibers and platelets 
were collected by Philips CM200 LaB6 TEM equipped with a 
4 pi imaging system with a spotsize of 10 at 200kV. The d-
spacing values for the SAED patterns were calibrated using 
AuNP standards. 
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